Abstract Introduction: Noodles are rich in fibre and important nutrients which help promote health. This study was an attempt to determine the impacts of using different levels of cassava leaves on antioxidant features, nutritional values, and the quality of rice noodles. Methods: Wheat flour and rice were used to prepare rice noodles which used cassava leaves which were on the basis of flour weight (0, 10, 20, 30 and 40%). The proximate analysis, antioxidant activities, texture, color, and total cyanide content of the noodles were then determined. Results: The present findings suggest that using cassava leaves at different levels helps modify the structure of the noodles, finally leading to a softer product in comparison with the control samples. Furthermore, the addition of cassava leaves increased the amount of protein and fiber content and improved the antioxidant activities of rice noodles. Conclusion: It could be implied that cassava leaves with a lot of advantageous components -could be a great ingredient to enhance antioxidant features and nutritional value (protein and fiber) of noodle.
Introduction
The rice noodle is known as a famous variety of Asian noodles and is widely eaten in Southeast Asia [1] . Rice noodles are produced from rice flour, which is sometimes mixed with other components. Produced from long-grain rice, laksa or rice noodles are known as traditional cuisine containing intermediate to high amylose content (>22%) [2] . Laksa noodle is different from rice vermicelli; it looks like white spaghetti and has larger diameter [3] . Although rice noodles abound in carbohydrate, they often have a paucity of important nutritious elements including dietary fiber, protein, antioxidation, and vitamins. Todays, secondary features such as functional and nutritional are important to consumers [4] .
Today, the wide use of banana flour, rye flour and black rice flour substitute rice flour for increasing the important nutritional elements including vitamins, dietary fiber, and protein. Nevertheless, cassava leaves have been used as raw material, therefore, it is time now to focus our attention to incorporate the cassava leaves as a source nutrient for human nutrition as well as to encourage their value as an addition to food product. Cassava (Manihot esculenta, Crantz) is abundantly found in subtropical and tropical regions such as Latin America, Asia, and Africa. It is estimated that nearly 276.7 million tons of Cassava are produced [5] .
The cassava plant is most commonly used for its starchy tubers; its leaves are regarded as a by-product which is still underutilized. Large tonnages of these leaves are currently discarded as wastes after harvesting the roots [6] . On the one hand, they are popular fertilizers and animal food [7] ; on the other hand, on a dry matter basis, cassava leaves abound 25% protein and provide a great amount of calcium, iron, and vitamins C and A. they are also known for their antioxidant function that helps lower the process of aging and promotes the endurance of body against the disease. Cassava leaf protein has important amino acid which is similar to amino acid in the eggs of hen [8] .
Concerning accessibility, expense, and fiber, it seems that cassava leaves are more likely to be used as a great source of dietary fiber. However, there is no literature indicating the consumption of cassava leaves dietary fiber in rice noodle (laksa) products. Therefore, this study aimed to use cassava leaves by adding it in rice noodle (laksa) to increase the essential nutrition and elucidate the effects of using cassava leaves incorporation on the rice noodles' qualities such as chemical and physical features and nutrition.
Materials and Methods

Raw Material
Cassava leaves collected from Kulim, Kedah, Malaysia. Modified cassava flour (MOCAF) is prepared by fermenting lactic acid bacteria from Penang Malaysia. Salt, wheat, and rice flour were purchased from the local market in Penang Malaysia.
The chemicals used in this research were Gallic acid, Folin-Ciocalteu reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), ferric chloride hexahydrate, 2,4,6-tripyridyl-striazine, ammonia solution, potassium iodide, silver nitrate (AgNO3) solution, Kjedahl catalyst tablets and Petroleum ether which were purchased from Sigma Chemical Co. All other reagents and solvent were of analytical grade.
Preparation of Cassava Leaves
Cassava leaves were pounded into small pieces and boiled in boiling water at 100°C for 5 minutes. After that, cassava leaves were removed from boiling water and drained for 5 minutes. Then, cassava leaves were blended with water at ratio 80:20 (cassava leaves/water; w/v) in a blender (Panasonic, MX-900M blender). Slurry of cassava leaves was obtained and used as an ingredient for rice noodle.
Preparation of Rice Noodles with Cassava Leaves
The rice noodles were prepared by mixed rice flour, cassava flour, and cassava leaves in ratios 45:0:0, 40:5:0, 40:5:10, 40:5:20, 40:5:30 and 40:5:40 RF(g):CF(g):CL(g): (rice flour/cassava flour/cassava leaves). The rice noodle without cassava leaves was prepared as a control. Wheat flour 2.8 g and salt 0.6 g were added to each formulation. Furthermore, water was added to each flour mix to obtain slurry. After that, the slurry was extruded using the kitchen extruder (Die diameter 0.4 mm) into boiling water at 100°C for 5 minutes. Then, the cooked rice noodles were placed in cool water for 1 minute and drained after 5 minutes. Rice noodles were packed in vacuum bags and kept at 4°C for further analysis.
Proximate Analysis
On the basis of AOAC (2000), the Kjeldahl method was used to measure nitrogen which was also used to convert crude protein (N ×5.7). Being extracted with petroleum ether in a Soxhlet apparatus, crude fat was evaluated via a gravimetric method [9] . Having being incinerated at 550°C for 24 h in a furnace, ash content was measured by a gravimetric method. Drying the samples at 105°C overnight helped measuring moisture content. A TDF assay kit (Megazyme International Ireland, Wicklow, Ireland) was employed to measure Total dietary fibre (TDF) content. In light of the AOAC method 996.11 [9] , a total carbohydrate assay kit (Megazyme International Ireland, Wicklow, Ireland) was used to measure the carbohydrate content. The analysis of composition was done in triplicate.
Total Cyanide Content
The alkaline titration method was used to determine the content of cyanide. 200cm3 distilled water was mixed with 20 grams of the rice noodle in a liter round bottom flask. The flask mixture was kept for 3 hours. It was, then, steamed so that 150 cm3 of distillate could be gained. After that, the distillated received twenty-centimeter cube of 0.02 M sodium hydroxide solution and the volume had some changes in cyanide of cassava soak forming up to 250 cm3 in a volumetric flask. Two aliquots (each 100 cm3) were gained from the distillate. 2 cm3 of 5% potassium iodide solution and 8 cm3 of 6 M ammonia solution were added to each of the aliquots. 0.02 M silver nitrate solution (AgNO3) was used to titrate the final mixture. As soon as there is a change from clear to a faint turbid solution, it could be implied that the titration has reached an end point. Instead of cassava distillate, 150 cm3 of distillate water was used to prepare a blank sample 5.0 g. The following relation is used to determine the content of cyanide in the sample: 1cm3 0.02M AgNO3=1.08 mg HCN.
Total Polyphenol Content
Based on a method described by the International Organization for Standardization (ISO) 14502-1, spectrophotometry was used to determine the total polyphenol content (TPC) employing gallic acid as a standard. Tubes which contain 5.0 mL of a 1/10 dilution of Folin-Ciocalteu's reagent in water were used to hold 1.0 mL of the diluted sample extract. After that, 4.0 mL of a sodium carbonate solution (7.5% w/v) was added to the extract. Then, the tubes were kept at room temperature for one hour. Then, UV-vis spectrophotometer, (Shimadzu, UV mini-1240, Kyoto, Japan) was used to determine absorbance at 765 nm. The TPC was considered to be gallic acid equivalents (GAE) in g/100 g sample. The polyphenol concentration in samples comes from a standard curve of gallic acid.
DPPH Free Radical Scavenging Assay
The bleaching of the purple colored DPPH methanol solution was used to measure electron donation function and the hydrogen atom of the given extracts [10] . Some pure compounds were also measured in the same way. Based on a method developed by Braca et al. [11] , the extracts' antioxidant activity was measured on the basis of the scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. The extract (0.1ml) was added to 2.9 ml pf a 0.004% DPPH solution in methanol. The samples will be first kept in a dark place for 30 min. Then, absorbance was measured at 517 nm using UV-vis spectrophotometer, (Shimadzu, UV mini-1240, Kyoto, Japan) and the percent inhibition (I%) of activity was calculated as:
( )
Absorbance of control -Absorbance of sample DPPH RSA % 100 Absorbance of control
Ferric Reducing Antioxidant Power Assay (FRAP)
The FRAP assay was used to determine the total antioxidant activity in the extract. Extract )200 µL( was added to FRAP reagent )3 mL, 10 parts 300 mM sodium acetate buffer at pH 3.6, 10 mM 2,4,6-tri(2-pyridyl)-striazine (TPTZ) solution and 20 mM FeCl 6H2O solution) and the reaction mixture was incubated in a water bath at 37°C for 30 min. The increase in absorbance was measured at 593 nm using UV-vis spectrophotometer, (Shimadzu, UV mini-1240, Kyoto, Japan). The percent inhibition was calculated as: -% 100.
Absorbance of sample
Absorbance of control I Absorbance of sample
Texture
As explained in detail by Bhattacharya et al. [1n 2], a texture analyzer (TA.XT.plus, Stable Micro Systems Ltd., Godalming, UK) was used to measure texture profile analysis (TPA) of rice noodles. A cylinder probe (35.0mm diameter) was used to compress a strand of cooked noodle with 1.0 mm thickness. The speed of pre-test was 5 mm/s while the speeds of the test and post-test speeds were 1 mm/s. The distance of target was 3 mm. The compress process was done twice for each single test sample and decompression followed each compression. The interval between the second compression and the end of the first compression lasted 5 seconds. The term hardness was used for the first peak force, and the term adhesiveness was used to describe the curve's negative force area during probe retraction. Dividing the area of the second compression by the area of the first cycle results in cohesiveness. Concerning each group, approximately10 individual strands were assessed. The findings are presented as an average of the measurements.
Color
The color factor of rice noodle was determined using colorimeter (Minolta, CM-3500d, Tokyo, Japan). Greenness or redness was represented b-y -a/+a represents, represented the lightness of color (0 = black; 100 = white) was represented by coordinates 'L', and blueness or yellowness are represented by -b/+b. The raw noodles were put over the spectrocolorimeter port, they were then placed in a blackened container in order to block ambient light. Assessments were done in triplicate.
Statistical Analysis
One-way statistical analysis (ANOVA) was used to analyze the data based Duncan test in the experiments. All data were processed using SPSS package (SPSS 22.0 for Windows, SPSS Inc, Chicago, Illinois, U.S.A) and expressed as mean value ± standard deviation. The significant level was set at P>0.05.
Results and Discussions
Proximate Composition
The proximate composition of rice noodle with different percentage of cassava leaves are shown in Table 1 . As expected, the addition of cassava leaves increased the non-carbohydrate component, particularly the crude protein and crude fiber content of rice noodles because cassava leaves are high in protein (17.7-38.1% DW) and fiber content (0.5-10%) [13] . It seems that protein of cassava leaf has more level of amino acids than that of spinach leaves, rice grain, oat, and soybean; however, there are a number of factors contributing to this great amount of amino acid in cassava leaf protein such as cultivar, analysis method, stage of maturity, conditions of climate, and the amount of leaf sample [14] . The noodles' quality, toughness, and texture are influenced by content of protein. Ngudi et al. [15] believes that boiling causes methionine content to decrease by 71% and protein content by 58%. It seems that after cooking, cassava leaves' free amino acids dramatically drop [16] . While crude fiber tended to increase as there was an increase in the percentage of adding cassava leaves in rice noodles compared with control. Table 1 displays noodles' the average ash content analysis. Cassava leaf increased the noodles' ash content which is about 0.13-0.21%. The cassava leaf's mineral impacts the noodles' ash content. Fat and carbohydrate decreased but not significantly as there was an increased in the percentage of adding cassava leaves.
Cyanide Content
Over 100 ppm total cyanide could be found in cassava leaves (fresh weight basis ) and cassava leaves are reported to be extremely poisonous [17] . Cassava have three forms of free cyanide, cyanohydrins, and cyanogens viz. cyanogenic glucoside (95% linamarin and 5% lotaustralin) [18] . There are several factors that affect the amount of cyanogenic including environmental conditions like drought, which causes in the level of cyanogenic, cultivars, the status of soil nutrient, and locations [19] . World Health Organization suggests 10 ppm of cyanide in food (FAO/WHO, 1995). In this experiment, cyanide demonstrated a lower level of content than the level is recommended by the FAO, which is safe for consuming. As Figure 1 displays, there is no significant change in the level of cyanide as cassava leaves is increased compare with control samples. As Zhou et al [20] found, some part of cyanide content could be lost during the soaking and cooking processes of cassava. Concerning this experiment, pounding and boiling in water helped prepare the cassava leaves. It seems that these two processes led into losing some amount of content in cassava leaves. Bradbury and Denton [21] confirmed that boiling pounded cassava leaves in water (a traditional method) can cause all cyanogens to be removed even at the expense of losing nutritious ingredients. Having being chopped, as soon as cassava leaves are boiled, nearly 85% of cyanogenic glucosides are lost in presence of water [22] . Values are expressed as means ± SD (n=3). Means followed by the same letters within the same column are not significant at P>0.05. *RF=rice flour, CF=cassava flour. 
Total Polyphenol Content
The total polyphenol content (TPC) in noodles can be seen in Figure 2 . The results showed TPC significantly increased when the percentage of cassava leaves increased in rice noodles compared with control. Total polyphenol of control was not significantly different with 5% substitute rice flour with cassava flour since it had the lowest amount of polyphenols while the highest amount of polyphenol was observed in rice noodles with 40% of cassava leaves. Generally, a sample that contains a high amount of polyphenols also exhibits a high antioxidant activity. Rice noodles with cassava leaves, which showed high antioxidant activities (Figure 3) , also had high TPC and it tended to increase as there was an increase in the percentage of cassava leaves.
Catechin and its derivatives are reported to be the polyphenols found in cassava [23] . The polyphenols are reported to be in the same class of compounds which are related with cardiovascular health advantage popular in green tea [24] . Mostly the leaves' polyphenolic compounds are considered as tannin equivalents and shown in a non-specific way [22] . Although polyphenols are reported to be great antioxidants, they contain essential minerals in their compound which hampers their beneficial absorption.
Antioxidant Activity
DPPH Free Radical Scavenging Activity
The primary antioxidant activities were measured using the stable radical DPPH. These activities are commonly concerned with the free radical scavenging activities of food materials, extracts of fruit and plant, and pure antioxidant compounds. The main benefit of cassava leaves for the long term is that it can be a healthy natural anti-oxidant. One leaf of cassava contains vitamin C which can prevent the effects of free radicals that endanger the health of the body. In this study, the antioxidant activity of rice noodle was expressed as percentage of inhibition (%). The DPPH free radical scavenging activity of rice noodles are shown in Figure 3 . Based on the antioxidation activity, the percentage of inhibition tended to increase when there was an increase in the percentage addition of cassava leaves. Based on DPPH inhibition, the highest percentage was found in rice noodles with 40% of cassava leaves while control was not significantly different with 5% substitute rice flour with cassava flour as it showed the lowest percentage of inhibition. Present result is in agreement with what found by Novelina [25] , who reported an increase in the proportion of cassava leaf extract can cause an increase in the wet noodles' antioxidant activity. Novelina [25] also found that cassava leaf's chlorophyll increases the level of the wet noodles' antioxidant. According to present findings, it could be implied that antioxidation activity is greatly influenced by cassava leaves which could naturally generate an antioxidation protection.
Ferric Ion Reducing Activity
Higher values of FRAP indicate a higher capacity of antioxidant since FRAP value depends on lowering ferric ion, where antioxidants play the role of the reducing elements. The compounds of antioxidants are able to give a hydrogen atom or single electron for lowering ferric ion [10] . The results (Figure 4) showed that the FRAP scavenging activities of rice noodles was not very different from their DPPH scavenging activities. Similar to the results obtained for the DPPH scavenging assay rice noodle, FRAP scavenging activity tended to increase when the percentage addition of cassava leaves increased. Except for rice noodle that had 30% of cassava leaves, it was not significantly different from rice noodles that had 20% and 40% of cassava leaves. Based on FRAP inhibition, the highest percentage was found in rice noodles that had 40% of cassava leaves while control was not significantly different with 5% substitute rice flour with cassava flour since it showed the lowest percentage of inhibition. However, FRAP scavenging activities values were higher than those obtained for DPPH scavenging activities. The presence of compounds, which do not react to DPPH, could be assumed the possible reason for reducing the plants' values of DPPH scavenging activity. Although some antioxidant compounds such as polyphenols could efficiently reduce ferric iron, some of these compounds may not efficiently scavenge DPPH free radicals because of steric hindrance [16] . 
Textural Properties
Textural properties are the most critical characteristics when quality and consumers' acceptance of cooked noodles are evaluated [12] . Texture features of rice noodles with different percentage of cassava leaves are presented in Table 2 . The hardness of the noodle (force per area) dictates noodle bite, which is expressed as soft bite or hard bite. In the present study the hardness of rice noodles tended to reduce when the percentage addition of cassava leaves increased. However, hardness value of rice noodles (5 % substitute rice flour with cassava flour) was lower than that of control. The presence of phenolic hydroxyl groups probably leads to this observation. Since phenolic hydroxyl groups interact with other types of reactive groups and they easily fit into the noodles' polysaccharides network, this increases the free volume of the noodle matrix. These findings are in line with the results of previous studies [26, 27] . According to the literature, using phenolic compounds leads to changes in the mechanical features, which in turn lower hardness. As shown in Table 2 , the results indicated that both adhesiveness and cohesiveness showed similar trends. There were no significant difference except for rice noodles with 40% of cassava leaves, which was significantly different from control. For gumminess and chewiness, there was a likelihood of a decrease in gumminess and chewiness as there was an increase in the percentage of cassava leaves. On the other hand, there were no significant differences in springiness. The matrix structural network of glutens, starches, fibers, proteins, and other additional ingredients greatly impacts noodles' the textural features. As a result, this could either improve or loosen the hydrogen bonds' formation within the structure network of noodles.
Color
It seems that color plays a significant role in the customers' daily lives since they constantly encounter a wide range of colors. This diversity of colors deeply impacts consumers' preferences when it comes buying an item in a particular environment. In addition to texture, the next important feature of noodles is color because it is one of the first things that a customer notices.
Color parameter of rice noodles with different percentage of cassava leaves was shown in Table 3 . Adding different percentages of cassava leaves change the color characteristic of rice noodles ( Figure 5 Values are expressed as means ± SD (n=3). Means followed by the same letters within the same column are not significant at P>0.05. *RF=rice flour, CF=cassava flour. The value of a* color parameter ranged from -2.27 to -1.70 which represents variation from green to red. A* value was negative value implying that the color of rice noodles became green. Green color of rice noodles significant increased when there was an increase in the percentage addition of cassava leaves. B* value of rice noodle ranged from 10.63 to 28.18 which represented variation from blue to yellow. As there was an increase in the addition of cassava leaves to rice noodles, the rice noodle became more yellow, as recorded by an increase in positive b* values. Heaton and Marangoni [28] believe that the loss of chlorophyll is one of the common reported changes in the green plants. Concerning the processed foods, the chlorophyll loss changes the color from brilliant green to olive brown; this also leads to a wide range of colors including brown, yellow, and orange in senescent tissues. Therefore, after cooking rice noodle, the color of rice noodles became yellow. The incorporation of natural pigment not only promotes the sensory features of food but also functionally enhances the nutrition quality of food [29] .
Conclusion
The present research improved the physico-chemical, nutritional and antioxidant properties of rice noodle by adding cassava leaves. The present findings in this study stress the likelihood of incorporating fibre and protein rich fractions, which come from processing of the agricultural products, in order to promote rice noodles' nutritional values and qualities. In general, protein and fiber content of rice noodles increased by adding cassava leaves because cassava leaves are high in protein and fiber. Compared to the control, rice noodles with different percentage addition of cassava leaves had an improvement in their antioxidant activities and polyphenol content.
Furthermore, cyanide content reduced during pounding and boiling in water and the amount of cyanide content was lower than the FAO maximum recommended level which makes it safe for consuming cassava leaves. According to the current findings, it could be suggested that cassava leaves could be used as a great ingredient in order to enhance noodles' antioxidant features and nutritional values.
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